Introduction
In the normal umbilical cord three vessels can be identified: one umbilical vein and two umbilical arteries. In case of an abnormal cord with single umbilical artery (SUA) there are only one umbilical artery and one umbilical vein. The arterial system is formed during the 4 th and 5 th week of the embryonic development. Three theories describing the pathogenesis of an absent umbilical artery are described in the literature: primary agenesis, secondary atrophy or atresia of the previously normal developed vessel, and original allantoic artery persistence (1) . The incidence of SUA, in fetuses with anomalies and even in fetuses without anomalies is 0.2%-1.6% in euploid fetuses, and 9-11% in aneuploidy fetuses. In different studies the association with different congenital anomalies and also the increased perinatal morbidity of the newborn with SUA had been investigated (2) . SUA is an isolated anomaly in >80% of cases, in rest of the cases (~20%) being associated with other anomalies (i.e. heart, urogenital system) (3) . In urogenital anomalies or renal agenesis, the anomaly is found on the side on which the artery is missing (3, 4) . In case of fetuses with SUA, aneuploidy and intrauterine growth restriction (IUGR) are more often detected (5) . The association of SUA with malformations of the cardiovascular, gastrointestinal and urogenital system is well known, being noted as early as 1960 (6, 7) . Chromosomal abnormalities are reported in approximately 8-11% of the cases of fetuses with SUA, the incidence being higher in case of associated pathology, such as trisomy 13 and 18. The best data, however, came from a 1998's metaanalysis of 37 reported studies (8) . The information from this study is derived from 2 types of studies: those that collected data from pregnancy losses, abortion and stillborn fetuses, and those that collected data from live-born fetuses. Among the first group, they found an incidence of SUA of 2.1% and a rate of congenital malformations of 66.3%. In the second group of live-born fetuses, they found SUA in 0.55% of the cases and congenital malformation rate at 27%. This malformation rate is considerably above the baseline rate of 2% to 3% (Figure 1) .
In a study conducted by Sepulveda and contributors, they identified a compensatory increase in the diameter of the artery which leads to a vein/artery ratio ≤2 in case of fetuses with SUA, condition that is not occurring in fetuses with normal cord. To confirm or exclude the diagnosis, color Doppler ultrasound can be used, the goal being the visualization of the arteries (one or both) on either side of the bladder. In the 1 st trimester of pregnancy and also in situations with suboptimal resolution, color Doppler examination is valuable because it identifies the umbilical arteries near the fetal bladder, on both sides. From about 12 weeks of pregnancy, the umbilical arteries can be seen on high resolution transvaginal color Doppler (9) (10) (11) (12) . In a review article, Sur and contributors evaluated 15 autopsies of fetuses with SUA, during 1 year. They discovered other malformations and syndromes, apart from the common one, which were not described previously. From the total cases, 5 of them identified uni/bilateral cystic renal dysplasia. In 2 of these cases it had been found posterior urethral valves, in 2 cases additional features of Potter's sequence and in 1 case the Meckel's syndrome. The pathogenesis of these malformations could have been resulted because of the obstruction to the urinary outflow (i.e. pathology that is known to determine cystic renal dysplasia) or may have appeared from the ischemia associated with single umbilical artery (12, 13) . Umbilical cords with SUA present a number of morphological differences in comparison to three-vessel umbilical cords (14, 15) . The study of Raio et al. (14) has demonstrated that umbilical cords with SUA are characterized not only by an adaptive dilatation of the artery, as previously reported by others (12) , but also by an increased caliber of the vein. This is in concordance with a previous study conducted by the same authors on a different population, in which 11 of 22 fetuses with SUA had an umbilical vein area >2 SD (16) . Another study performed by Lacro et al. (17) , concluded that umbilical cord with SUA has lower number of vascular coils. Reynolds (18) investigated and also concluded that when measuring the blood flow, the central role is played by the presence/absence of the vascular coils. This was also the conclusion from the study made by Di Naro et al. (19) , who identified a correlation between the index of umbilical coiling and the volume of the blood flow and also the velocity blood flow in the umbilical vein. Bäz et al. (20) identified also an abnormal A-wave of the blood flow in the ductus venosus. The velocity of the ductus venosus during the atrial contraction (i.e. A-wave) is correlated to the intensity of hypoxemia and acydemia in fetuses with IUGR) (21, 22) , and it was under the 5 th centile in a higher proportion of healthy fetuses with single umbilical artery in the study of Raio. This suggests that, in fetuses with single umbilical artery, the hemodynamic characteristics are different from those of fetuses with normal cord (16) .
Methods
This paper aims to study the effect of a SUA on infant prognosis. The role of correct ultrasound examinations realized antepartum along with amniocentesis and normal family histories provide important information so that a favorable prognostic can be expected even in a SUA pregnancy.
During 2 years, SUA was suspected on antenatal ultrasound scan in 16 cases examined at our Clinical Hospital of Obstetrics and Gynecology "Dr. I.A. Sbarcea" Brasov from Romania. The mean gestational age at delivery date was 38.2±2.4 weeks and the mean birth weight was 3203.12±835.8 g. All patients underwent genetic amniocentesis, and fetuses had a normal karyotype. SUA was detected using color-flow Doppler.
Results
The patients' personal and family histories were reviewed, including any previous pregnancy complications, medication or teratogen exposure, other children with congenital anomalies and any genetic disorders in the maternal and paternal families. A targeted ultrasound anatomic survey was performed and no other anomalies were identified. Amniocentesis was performed and the fetuses had a normal karyotype.
Serial ultrasound examination was made in order to identify signs of IUGR. The sonography parameters of fetus development were in normal ranges in 12 cases and modified in 4 cases (IUGR) ( Table 1 ).
The modality of delivery was vaginal for the 12 cases without any complications and caesarian section for the 4 cases with IUGR (i.e. the fetus had an altered Doppler velocimetry) ( Table 2) .
Previous studies showed that SUA may occur as a single feature or associated to other malformations. The cases studied were not associated with any chromosomal structural abnormalities, the perinatal outcome was good in all the 16 cases, 4 cases were associated with IUGR, but no other abnormality was found following accurate investigation.
In the absence of additional ultrasound detectable malformations, an isolated SUA does not seem to affect the outcome, thus should not affect the routine obstetric assessment. An early intervention and appropriate termination of pregnancy allowed delivery of live premature newborn with good postpartum adaptation and good prognosis.
Ultrasound assessment was perfomed at 25, 32, 34, 36, 38 weeks of pregnancy. Estimated gestational age and estimated weight are represented in 16 fetuses with SUA. Four cases with SUA had IUGR and are represented in red.
Discussion
Scientific literature shows a direct correspondence between the existence of SUA and fetal malformations, especially when maternal risk factors exist (23, 24) . In our group study the lack of existence of such factors correlates with pregnancies terminated with normal babies.
If we care to study those clinical signs that foresee the delivery of an infant with poor prognosis we should take note of the APGAR score, the cord length and the term.
The mean length of the cord in the pregnancies terminated through cesarean section is of 58.0875 cm. According to the study of Rayburn and contributors short and long cords are associated with the development of some intrapartum conditions such as meconium staining, fetal heart rate abnormalities, arrest of fetal descent and birth asphyxia (25) . Our medium cord length does not correlate with any of these entities. Moreover if we also analyze the study of Martinez-Frias et al. we can conclude that the shortening or the extension of the umbilical cord in SUA pregnancies appear with the same percentage as in normal pregnancies (26) . The Apgar score registered in our study group has a range value of 8.5 which is non-significant taking into gineco eu account the fact that at birth the clinical examination showed no specific pathology. When analyzing the gestational age at delivery we can easily observe that the pregnancies were terminated through cesarean section at a mean term of 34.75 weeks, explaining thus the lower birth weights.
Unlike the study of Prucka et al. (27) where the incidence of smaller than gestational age babies was noticed, our study does not show small-for-gestational-age (SGA) cases. The four cases of cesarean section were realized for the IUGR excluding thus the SGA diagnostic.
Moreover, in contrast with the study of Prucka et al. (27) the study realized by Abuhamad et al. showed that the incidence of SGA fetuses does not appear increased in case of an isolated SUA, this having concordance to our study.
The same study mentions the cytogenetic and complex fetal anomalies only when the left artery is absent (28) . Regarding the mean maternal age on the moment of cesarean section, our group study has a mean value of 26.25 years ranging from 30 to 23 years thus demonstrating that the advanced age has no correlation to the IUGR incidence, results similar to the scientific literature regarding cases of SUA (27) . All of the cases involved in our study have been monitored by ultrasound anatomic surveys thus being able to find the four cases of abnormal development (IUGR). In the study of Chow et al. assessment of anomalies in fetuses was also performed using sonography. In their study, when selecting the isolated SUA cases we can notice that only 7% proved to have anomalies at birth. In our group
Ultrasound assessment of fetuses with SUA from 25 weeks of pregnancy to birth EW=estimated weight; GA=gestational age study, none of the cases presented with anomalies at birth, results matching the normal parameters of the fetuses monitored by ultrasound examination periodically (6) . Another study designed by Cristina et al. examined the pregnant women by ultrasound examination at 20 weeks of pregnancy. Their results state that in pregnancies where the ultrasound scan at 20 weeks showed no other associated abnormalities, in which aneuploidies was not found (29) . In our group, both amniocentesis and periodic ultrasound examination were performed. The amniocentesis showed normal karyotype to all the fetuses and the ultrasound examination only appeared modified in 4 of the cases. Prenatally, the diagnostic of those 4 cases was not different than that of normal pregnancies with normal fetuses in development, fact also sustained by the postnatal examinations. The perinatal mortality rate was 0 among the fetuses with SUA in contrast to the study of Cristina et al. where the registered value of perinatal mortality was 5%, an incidence that represents a mortality rate higher than the overall rate among the total patients (29) . Discovering a singular umbilical artery does not increase the risk for trisomy 21. On the other side, a single umbilical artery is associated with a 7-fold increase in the risk of trisomy 18. An increased number of fetuses with trisomy 18 have other major malformations that can be identified at the 11-14 week ultrasound examination and different In almost 89% of cases, the ultrasound examination will identify a correct antenatal diagnosis of singular umbilical artery, but as in any exam the diagnosis can be false-positive, even in the most experienced investigators. In 66% of the cases scanned at 16-17 weeks and in 97% at 18-19 weeks of gestation, the umbilical cords can be examined with gray-scale ultrasound examination. Of course, many factors like maternal wall thickness, gestational age, and presence of lower abdominal scar, amniotic fluid amount, scanning experience, or fetal position and equipment can be involved in the correct diagnosis of a SUA. Also, varying degrees of umbilical artery fusion that can appear near the placenta may complicate the correct diagnosis of SUA (27) . SUA pathology can be also associated with rare cases of cystic renal dysplasia, Meckel's syndrome or Potter's sequence, apart from the well-known associations with malformations of the cardiovascular, urogenital tract, muscular-skeletal, gastrointestinal tract, central nervous system and also limb reduction malformations. These malformations may have resulted because of the obstruction to the urinary outflow or because the ischemia. It is possible that the single umbilical artery is playing a major role in the development of these pathologies, because the ethio-pathogenesis in these defects is multi-factorial (28) .
Outcome of patients with SUA
Fetuses and newborn with SUA and isolated SUA are at high risk for adverse perinatal outcomes. The detection of SUA is important for the prenatal diagnosis of congenital defects and aneuploidy. To improve the adverse perinatal outcomes, the surveillance of fetuses with isolated SUA has a major role. Even if a SUA is a relatively rare finding, when is detected, a serious search for associated malformation may be undertaken. Pregnancies that were identified having fetuses with associated malformations should be indicated an amniocentesis. Pregnancies with isolated SUA have to be carefully investigated (29) .
Conclusions
If SUA is detected prenatally, detailed series of ultrasound examinations should be performed to rule out associated malformations. There are recommended invasive techniques for karyotyping only in cases selected, if at the ultrasound scan there were detected anomalies. A major role in the management of these cases is played by the postnatal follow-up of the newborn.
SUA and isolated SUA increase the risk for adverse perinatal outcomes, therefore the detection of SUA it is important for the prenatal diagnosis of congenital defects and aneuploidy.
In the absence of additional ultrasound detectable malformations, an isolated SUA does not seem to affect the outcome, thus should not affect the routine obstetric assessment nor the choice of vaginal delivery. To improve the adverse perinatal outcomes, the surveillance of fetuses with isolated SUA has a major role. Even if a SUA is relatively a rare finding, when is detected, a serious search for associated malformation needs to be undertaken. n
